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1
$x=x(t)\in \mathbb{C}^{2}(\mathbb{R}^{+}, \mathbb{R}),$ $\cdot=\frac{d}{dt},$ $\cdot\cdot=\frac{d^{2}}{dt^{2}}$ 2
$\ovalbox{\tt\small REJECT}+a\dot{x}+bx=f(t),$ $t\geq 0$ (1)
$x(O),\dot{x}(0)$
$a,$ $b\in \mathbb{R}$ , $f$ $f(t)=f(t+\omega)$ $\omega>0$
$x=x(t)\in \mathbb{C}^{1}(\mathbb{R}^{+}, \mathbb{R}^{n})$
$\dot{x}=Ax+h(t),$ $t\geq 0,$ $h(t)=h(t+2\pi),$ $A$ : $n\cross n$ const. matrix (2)
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1. $Re(\lambda)\neq 0$ $1-e^{\omega A}$
2. (a) $\lambda_{1}=0$ $\lambda_{2}\neq 0$
(b) $\lambda_{1}=0$ $\lambda_{2}=0$
3. (a) $Re(\lambda)=0$ $1-e^{\omega A}$
(b) $Re(\lambda)=0$ $1-e^{\omega A}$
1 3 2
[4]
3 $Re(\lambda)\neq 0$ $1-e^{\omega A}$
1(5) $u^{*}(t)=u^{*}(t+\tilde{\omega})$ $\tilde{\omega}>0$ $u^{*}(t)$
$\tilde{\omega}$
$\omega$ $\omega$ -
1 $u^{*}(t)$ $\tilde{\omega}$ $2\tilde{\omega},$ $3\tilde{\omega}$
[2]
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1(5) $\omega$ - $u^{*}(t)$
$u^{*}(t)=e^{\omega A}(1-e^{\omega A})^{-1}e^{tA} \int^{t+\omega}e^{-sA}g(s)ds$ (7)
[ ] (5) $\omega$- $u^{*}(t)=u^{*}(t+\omega)$ (7)
$\blacksquare$
2
$u^{*}(t)=e^{mA}(1-e^{mA})^{-1}e^{tA} \int^{t+n\omega}e^{-sA}g(s)ds,$ $n=1,2,$ $\ldots$ (8)
(7)
2(5)
$u( O)=e^{\omega A}(1-e^{\omega A})^{-1}\int_{0}^{\omega}e^{-sA}g(s)ds$ (9)
$u(t)=u(t+\omega)$ .
[ ] $\blacksquare$




3 $\lambda_{1}>0,$ $\lambda_{2}<0$ $u_{1}(0)=x(0),$ $u_{2}(0)=\dot{x}(0)$
$-\lambda_{2}u_{1}(0)+u_{2}(0)=-\lambda_{2}u_{1}^{*}(0)+u_{2}^{*}(0)$ (12)
$u(t)$ $u_{1}^{*}(0),$ $u_{2}^{*}(0)$







$J=(\begin{array}{ll}\lambda_{l} 00 \lambda_{2}\end{array}),$ $V=(\begin{array}{ll}1 1\lambda_{l} \lambda_{2}\end{array}),$ $V^{-1}= \frac{1}{\lambda_{1}-\lambda_{2}}(\begin{array}{ll}-\lambda_{2} 1\lambda_{1} -1\end{array})$
$e^{tA}=Ve^{tJ}V^{-1},$ $e^{tJ}=(\begin{array}{ll}e^{\lambda_{1}t} 00 e^{\lambda_{2}t}\end{array})$
(13)
$u(t)-u^{*}(t)=V(\begin{array}{ll}e^{\lambda_{1}t} 00 e^{\lambda_{2}t}\end{array})V^{-1}(u(O)-u^{*}(O))$ . (14)
$u(t)-u^{*}(t)= \frac{1}{\lambda_{1}-\lambda_{2}}V(\begin{array}{ll}e^{\lambda_{1}}{}^{t}\{-\lambda_{2}(u_{1}(0)- u_{2}^{*}(0))\}u_{1}^{*}(0))+(u_{2}(0)-e^{\lambda_{2}t}\{\lambda_{1}(u_{1}(0)-u_{1}^{*}(0))-(u_{2}(0)- u_{2}^{*}(0))\}\end{array})$ (15)
$\lambda_{1}>0,$ $\lambda_{2}<0$ $\blacksquare$
3
4 $\lambda_{1}<0,$ $\lambda_{2}>0$ $u_{1}(0)=x(0),$ $u_{2}(0)=\dot{x}(0)$
$\lambda_{1}u_{1}(0)-u_{2}(0)=\lambda_{1}u_{1}^{*}(0)-u_{2}^{*}(0)$ (16)
$u(t)$
3(1) $\lambda_{1}>0$ $\lambda_{2}>0$ (2) $Re(\lambda_{1})>0$ $Re(\lambda_{2})>0$
2
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5(1) $\lambda_{1}<0$ $\lambda_{2}<0$ (2) $Re(\lambda_{1})<0$ $Re(\lambda_{2})<0$
$u_{1}(0)=x(0),$ $u_{2}(0)=\dot{x}(0)$
4 $\xi=u_{1}(0)-u_{1}^{*}(0),$ $\eta=u_{2}(0)-u_{2}^{*}(0)$ $\lambda_{1}>0$ $\lambda_{2}<0$






( 3, 4), $\omega$




$k=0.99$ $\omega$ - (7)
$x^{*}(t)=- \alpha[\sum_{n=1}^{\infty}(\frac{3\beta_{n}\theta_{n}}{(1+\theta_{n}^{2})(4+\theta_{n}^{2})}\sin\theta_{n}t-\frac{\beta_{n}(2+\theta_{n}^{2})}{(1+\theta_{n}^{2})(4+\theta_{n}^{2})}\cos\theta_{n}t)]$
(cn Fourier )
$\alpha=\frac{2\pi}{kK(k)},$ $\beta_{n}=\frac{q^{n-1/2}}{1+q^{2n-1}},$ $\theta_{n}=\frac{(2n-1)\pi}{2K(k)},$ $q=e^{-\pi K’(k)/K}$





1: $(0, -6.801755..)$ $+–2x=10cn(t, 0.99)$
: $\omega$-
4 $Re(\lambda)=0$ $1-e^{\omega A}$
$\Sigma_{b+};\ddot{x}+bx=f(t),$ $b>0,$ $t\geq 0,$ $f(t)=f(t+\omega)$ (17)
$b$ $b<0$ 3




[ ] $\Sigma_{b+}$ $\omega$-
$u^{*}(t)=e^{\omega A}(1-e^{\omega A})^{-1}e^{tA} \int^{t+\omega}e^{-sA}g(s)ds$
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$A=(\begin{array}{ll}0 1-b 0\end{array})$ .
$e^{\omega A}=(\cos\omega\sqrt{b}$ $\frac{\sin\omega\sqrt{b}}{\cos\omega\sqrt{b}\sqrt{b}}1$ ,




3 $\Sigma_{b+}$ $x(t)$ $\omega$-
$\backslash$ ,




$\hat{\omega}=$ pcv or 2$\pi$q/
5 7 $p/q=m>1,$ $m\in \mathbb{Z}$
sub-harmonics $P/q\neq m,$ $m\in \mathbb{Z}$
ultra-sub-harmonics [3]
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[ ] $\Sigma_{b+}$ $u(t)=e^{tA}u(0)+e^{tA} \int_{0}^{t}e^{-sA}g(s)ds$
$A=(\begin{array}{ll}0 l-b 0\end{array})$




















$= \int_{0}^{\hat{\omega}}f(w)^{\sqrt{b}}\cos wdw=$ const. (25)





1 $\Sigma_{b+}$ $\frac{\omega}{2\pi/\sqrt{b}}$ $=$ irrational number
$\omega$-
[ ] $\blacksquare$




2: $(0, -\sqrt{2})$ $-+x=\sin\sqrt{2}t$ $\omega$-
$\omega$ -
$x^{*}(t)=-\sin\sqrt{2}t$




5 $Re(\lambda)=0$ $1-e^{\omega A}$







[ ] 7 $\blacksquare$
7 8 $\omega$ - ultra-harmonics [3]
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